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Because we make mistakes about causality

We are human.  We tend to form conclusions quickly and, 
because we’re smart, we can ably defend them. 

All pollution is caused by industry

Every time I wash my car it rains

Hydrologist think hydrology

I have a hunch it is nitrogen

�Overweigh chance events

�Have biases

�Are “educationally” predisposed

�Use intuition

�Rely on experiences A flood caused this last time 

Why Establish Causation?
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• EPA’s approach to Causal Assessments is Pragmatic (analysis 
guides actions).

• Centered on Abductive Inference, where the best hypothesis is 
identified to explain the available information rather than proving 
a hypothesis correct or incorrect.

• Aims to establish Specific Causation rather than General 
Causation (DID x cause y rather than CAN x cause y).

• The most likely cause is established by Causal Inference, the 
interpretation of available evidence:

• Identify and compare alternative candidate causes

• Logically eliminate when possible

• Diagnose when possible

• Use strength of evidence for remaining

• Identify most likely cause
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The Causal Analysis Framework
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Define the Case

List Candidate Causes

Evaluate Data from the Case

Evaluate Data from Elsewhere

Identify Probable Cause

As Necessary: 
Acquire Data 

and 
Iterate Process

Identify and Apportion Sources 

Management Action: 
Eliminate or Control Sources, Monitor Results

Biological Condition Restored or Protected

Decision-maker 
and 

Stakeholder
Involvement

Stressor Identification

Detect or suspect 
biological impairment • Fish kills

• Organismal anomalies

• Changes in 
community structure

• Low biotic index 
values

• Violation of biocriteria
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• What biological effects 
are observed?

• Where & when did they 
occur?

• Where are comparable 
comparative sites?

Define the Case

Evaluate Data from the Case

Evaluate Data from Elsewhere

Identify Probable Cause

Detect or Suspect Biological Impairment

As Necessary: 
Acquire Data 

and 
Iterate Process

Identify and Apportion Sources 

Management Action: 
Eliminate or Control Sources, Monitor Results

Biological Condition Restored or Protected

Decision-maker 
and 

Stakeholder
Involvement

Stressor Identification

List Candidate Causes

Step 1: 
Define the Case
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• Make a map

• Gather information on 
potential sources, 
stressors, and 
exposures

• Develop a conceptual 
diagram

• Engage stakeholders

• Develop “final” list

Define the Case

Evaluate Data from the Case

Evaluate Data from Elsewhere

Identify Probable Cause

Detect or Suspect Biological Impairment

As Necessary: 
Acquire Data 

and 
Iterate Process

Identify and Apportion Sources 

Management Action: 
Eliminate or Control Sources, Monitor Results

Biological Condition Restored or Protected

Decision-maker 
and 

Stakeholder
Involvement

Stressor Identification

Step 2: 
List Candidate Causes
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Define the Case

List Candidate Causes

Evaluate Data from Elsewhere

Identify Probable Cause

Detect or Suspect Biological Impairment

Identify and Apportion Sources 

Management Action: 
Eliminate or Control Sources, Monitor Results

Biological Condition Restored or Protected

Decision-maker 
and 

Stakeholder
Involvement

Stressor Identification

Step 3: 
Evaluate Data from the Case

Evidence from the Case

• Co-occurrence

• Exposure or mechanism

• Causal pathway

• Stressor-response 
relationships from field

• Manipulation

• Lab tests of site media

• Temporal sequence

• Verified predictions

• Symptoms
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Define the Case

List Candidate Causes

Evaluate Data from the Case

Identify Probable Cause

Detect or Suspect Biological Impairment

Identify and Apportion Sources 

Management Action: 
Eliminate or Control Sources, Monitor Results

Biological Condition Restored or Protected

Decision-maker 
and 

Stakeholder
Involvement

Stressor Identification

Step 4: 
Evaluate Data from Elsewhere

Evidence from elsewhere

• Stressor-response 
relationships (from lab, other 
field studies, or ecosystem 
models)

• Mechanistically plausible 
cause

• Manipulation at other sites

• Verified predictions

• Analogous stressors
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Define the Case

List Candidate Causes

Evaluate Data from the Case

Detect or Suspect Biological Impairment

As Necessary: 
Acquire Data 

and 
Iterate Process

Identify and Apportion Sources 

Management Action: 
Eliminate or Control Sources, Monitor Results

Biological Condition Restored or Protected

Decision-maker 
and 

Stakeholder
Involvement

Stressor Identification

Step 5: 
Identify Probable Cause

Evaluate Data from Elsewhere
• Weigh strength of 

evidence for each cause

– eliminate if possible

– diagnose if possible

• Compare strength of 
evidence across causes
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Define the Case

List Candidate Causes

Evaluate Data from the Case

Detect or Suspect Biological Impairment

As Necessary: 
Acquire Data 

and 
Iterate Process

Identify and Apportion Sources 

Management Action: 
Eliminate or Control Sources, Monitor Results

Biological Condition Restored or Protected

Decision-maker 
and 

Stakeholder
Involvement

Stressor Identification

Evaluate Data from Elsewhere

Identify Probable Cause

Causal analysis is one 
step in management 

process

• After causes identified, 
sources & management 
actions must be 
identified

• Biological monitoring 
verifies that actions are 
effective



• The Up-Side…
– A formal method that provides scientifically defensible results when the 

stressor is not readily apparent or obvious.

– The evaluation is reproducible.

– Prevents biases and other logic lapses.

– May identify causal relationships that are not readily apparent.

– Engages stakeholders & decision makers early in the process thereby 

reducing controversy.

– Increases confidence in the selected management option.

• …and the Down-Side
– Conducting Causal Assessments are not necessarily easy or 

straightforward.

– Mechanisms of biological impacts can be complex.

– There is no “one-size-fits-all” methodology.

– Data are as data do (quantity and quality matter).

– Net result, a smoking fish may not be found or multiple stressors remain 

probable causes.  
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Causal Assessment


